SYNOPSIS
Al-TM-SiC (259 ks) was then consolidated (see Fig. 1 ) in vacuum at 823 K with a pressure of 19.6-38.2 MPa for 0.3 ks, using a plasma activated sintering method.
No binding material was used in this consolidation procedure. The as-milled and as consolidated samples were characterized by means of X-ray diffraction (XRD) with CuKa radiation, transmission electron microscopy (TEM) using a 200 kV microscope, scanning electron microscopy (SEM) using a 20 kV microscope and chemical analysis. Moreover, the hardness of the compacted sample was determined using a Vickers indenter with a load of 10 kg. The density of the consolidated sample was determined by Archimedes' principle using water immersion.
Moreover, the elastic properties of the consolidated samples have been determined with a pulse-echo overlap ultrasonic technique, using an ultrasonic detector. 3 Results and discussion Figure 2 displays the XRD patterns of the endproduct of Al-TM-SiC after ball-milling for 259 ks ( Fig.2(a) ) and after consolidation ( Fig.2(b) ). Obviously, the as-milled materials contain nanocrystalline composite powders of Al-TM-SiC, characterized by the broad Bragg-peaks of the elemental powders, as shown in Fig.2(a) . However , the consolidation step of the milled powders leads to a slight grain growth, the compact sample maintains its nanocrystalline characteristics ( Fig.2(b) ) ,
suggested by the broadness in the Bragg-peaks of the composite powders. ,um or more in diameter) with cabbage leaves-like morphology.
The cross sectional view of the near edge for this particle (Fig.4) , shows the formation of composite powder consists of Al (the gray matrix)
and SiC (black grains with about 5 um in diameter) . The hardness values, density and the elastic properties of the consolidated samples of Al-TM-SiC are shown in Table 1 . Obviously, the hardness of Al (about 0.46 GPa) is increased to more than 2.27 GPa when SiC and the metallic additives are. used as reinforcing material.
It is worth noting that the consolidated powder has low density value (very close to pure Al). Moreover, it has a low value of Young's modulus and shear 
Conclusion
Nanocrystalline Al-TM-SiC composite powders were prepared by ball-milling Al (79 vol.%), TM (TM; Ti, Mo and Cu) (1 vol.%) and /3-SiC (20 vol.%) compound. The end-product was consolidated into compact using the plasma activated sintering method. This consolidation step does not lead to a grain growth and the as-consolidated sample is full dense with nanocrystalline grain structure. The hardness and the elastic properties of the consolidated samples have been determined.
